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ߙ ቁ ݕ െ ݕሺͳʹሻ

$WHDFKFURVVVHFWLRQWKHYROXPHIOX[µT¶LV

ݍ ൌ න ݑ݌݀ݕ
ݕͲ
Ͳ
൅ න ݑ݀ݕ
݄െ߳
ݕͲ

ݍ ൌ ܲ݉ ቂሺ݄െ߳െݕͲሻ݉൅ͳ݉൅ͳ ቄ݄ െ ߳ െ
ሺ݄െ߳െݕͲሻ
݉൅ʹ ቅ൅ሺ݄ െ ߳ െ ݕͲሻ݉
ξܦܽ
ߙ ሺ݄ െ ߳ሻቃ Ȃ ሺ݄ െ ߳ሻሺͳ͵ሻ

)URPHTXDWLRQZHJHW

ܲ ൌെ߲݌߲ݔ ൌ ൤
ሺݍ൅݄െ߳ሻሺ݉൅ͳሻሺ݉൅ʹሻߙ
ሺ݄െ߳ሻ݉൅ͳሺͳെ߬ሻ݉ ൛ߙሺ݄െ߳ሻሺͳെ߬ሻሼሺ݉൅ʹሻെሺͳെ߬ሻሽ൅ξܦܽሺ݉൅ͳሻሺ݉൅ʹሻൟ൨
ͳ
݉ ሺͳͶሻ

$WDQ\LQVWDQWYROXPHIORZUDWH4;WEHWZHHQWKHFHQWUDOOLQHDQGWKHFKDQQHOZDOOLV

ܳሺܺǡ ݐሻ ൌ ׬ ܷሺܺǡܻǡ ݐሻܻ݀ܪͲ ሺͳͷሻ

$YHUDJLQJHTXDWLRQRYHUDVLQJOHSHULRG\LHOGVWKHWLPHDYHUDJHGYROXPHIORZUDWH തܳDV

തܳ ൌ ͳܶන ܳ݀ݐ ൌ ݍ ൅ ͳሺͳ͸ሻ
ܶ
Ͳ


,QWHJUDWLQJHTXDWLRQRYHURQHZDYHOHQJWKZLWKUHVSHFWWRµ[¶ZHREWDLQWKHSUHVVXUHULVHRYHUDZDYHF\FOHDV

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߂ܲ ൌ න ߲݌߲ݔ ݀ݔ
ͳ
Ͳ
ൌ െන ܲ݀ݔ
ͳ
Ͳ
ሺͳ͹ሻ

7KHGLPHQVLRQOHVVIULFWLRQDOIRUFH)DFURVVRQHZDYHOHQJWKRIWKHZDOOLVJLYHQE\

ܨ ൌ න ݄ ൬െ߲݌߲ݔ൰݀ݔሺͳͺሻ
ͳ
Ͳ


'LVFXVVLRQRI5HVXOWV

7KHSXPSLQJFKDUDFWHULVWLFRIWKHQRQXQLIRUPFKDQQHOLVREVHUYHGE\WKHJUDSKVRIIORZUDWHDJDLQVWSUHVVXUH
GLIIHUHQFH8VLQJ0DWKHPDWLFDVRIWZDUHWKHJUDSKVDUHSORWWHGIRUHTXDWLRQ)URP)LJDDQGEZHREVHUYH
GHFUHDVHLQWKHSUHVVXUHGLIIHUHQFH߂ܲZLWKLQFUHDVLQJ'DUF\QXPEHU'DLQWKHSXPSLQJUHJLRQDQGLQWKHUHJLRQRI
FRSXPSLQJ DV 'DUF\ QXPEHU'D LQFUHDVHV WKH SUHVVXUH GLIIHUHQFH߂ܲDOVR LQFUHDVHV IRU ERWK FRQYHUJLQJ DQG
GLYHUJLQJ FKDQQHOV %HWZHHQ തܳ    DQG  LQ WKH FRQYHUJHQW FKDQQHO DQG EHWZHHQ തܳ    DQG  LQ WKH
GLYHUJHQWFKDQQHOYDULDWLRQRI'DUF\QXPEHUVKRZVKDUGO\DQ\HIIHFWRQWKHSUHVVXUHGLIIHUHQFH)RUIL[HGSUHVVXUH
GLIIHUHQFHDV'DLQFUHDVHV തܳGHFUHDVHVLQWKHUHJLRQRISXPSLQJZKLOHLQWKHUHJLRQRIFRSXPSLQJLQFUHDVHLQ'D
LQFUHDVHV തܳLQERWKFRQYHUJHQWDQGGLYHUJHQWFKDQQHOV


)LJDDQGEGHSLFWWKDWLQFUHDVHLQWKH\LHOGVWUHVVLQWKHSXPSLQJUHJLRQIRUERWKFRQYHUJLQJDQGGLYHUJLQJ
FKDQQHOVWKHSUHVVXUHGLIIHUHQFHDOVRLQFUHDVHV7KHUHLVQRHIIHFWRIWKHYDULDWLRQRI\LHOGVWUHVVLQWKHFRQYHUJHQW
FKDQQHO IURP തܳ   WR തܳ   DQG IURP തܳ   WR തܳ   LQ WKH GLYHUJHQW FKDQQHO )XUWKHU DV߬LQFUHDVHV߂ܲ
GHFUHDVHVLQWKHFRSXPSLQJUHJLRQIRUERWKWKHFKDQQHOV)RUIL[HGSUHVVXUHGLIIHUHQFHLQFUHDVHLQ߬LQFUHDVHV തܳLQ
WKHUHJLRQRISXPSLQJDQGGHFUHDVHVLQWKHUHJLRQRIFRSXPSLQJ

,W  LV REVHUYHG IURP )LJD DQG E WKDW DV WKH SRURXV ZDOO WKLFNHQLQJ߳LQFUHDVHV WKH SUHVVXUH GLIIHUHQFH
߂ܲDOVRLQFUHDVHVLQWKHUHJLRQRISXPSLQJZKHUHDVLWUHGXFHVLQWKHUHJLRQRIFRSXPSLQJIRUERWKFRQYHUJHQWDQG
GLYHUJHQWFKDQQHOV)RU തܳEHWZHHQDQGLQDFRQYHUJHQWFKDQQHODQGIRU തܳ DQG തܳ LQWKHGLYHUJHQW
FKDQQHOWKHSUHVVXUHGLIIHUHQFHGHFUHDVHVLUUHVSHFWLYHRIWKHYDULDWLRQLQWKHYDOXHVRIWKHSRURXVZDOOWKLFNHQLQJ߳Ǥ
)RU IL[HGSUHVVXUHGLIIHUHQFHDV WKHSRURXVZDOO WKLFNHQLQJ߳LQFUHDVHVZHREVHUYH LQFUHDVH LQ WKH WLPHDYHUDJHG
YROXPHIORZUDWH തܳLQWKHUHJLRQRISXPSLQJZKHUHDV തܳGHFUHDVHVLQWKHUHJLRQRIFRSXPSLQJ

$OVRZHQRWHIURPWKHJUDSKVWKDWWKHHIIHFWRIYDULRXVSDUDPHWHUVLVDOLNHIRUERWKFRQYHUJHQWFKDQQHOV)LJ
DDQGGLYHUJHQWFKDQQHOV)LJEEXW WKHYDULDWLRQLVPRUHVLJQLILFDQW LQDGLYHUJHQWFKDQQHOZKHQ
FRPSDUHGWRDFRQYHUJHQWFKDQQHOLQWKHUHJLRQRISXPSLQJZKHUHDVWKHYDULDWLRQLQSUHVVXUHGLIIHUHQFHLVH[DFWO\
WKH VDPH LQ WKH FRSXPSLQJ UHJLRQ IRU ERWK FRQYHUJHQW DQG GLYHUJHQW FKDQQHOV 7KH JUDSKV RI IULFWLRQDO IRUFH
DJDLQVWWKHYROXPHIORZUDWHDUHSORWWHGIURPHTXDWLRQ

)URP )LJ D DQG E WKDW LV IRU ERWK FRQYHUJLQJ DQG GLYHUJLQJ FKDQQHOV DV WKH IORZ UDWH തܳ LQFUHDVHVZH
REVHUYHULVHLQWKHIULFWLRQDOIRUFH)ZLWKLQFUHDVHLQWKH'DUF\QXPEHU'DLQWKHUHJLRQRIFRSXPSLQJDQGIXUWKHU
LQWKHUHJLRQRISXPSLQJDV'DLQFUHDVHV)GHFUHDVHV$WIL[HGSUHVVXUHGLIIHUHQFHDVWKH'DUF\QXPEHULQFUHDVHV
YROXPH IORZ UDWH തܳ DOVR LQFUHDVHV LQ WKH UHJLRQ RI SXPSLQJ DQG LQ WKH UHJLRQ RI FRSXPSLQJ DV 'DUF\ QXPEHU
LQFUHDVHVIORZUDWH തܳGHFUHDVHV

7KHJUDSKV)LJDDQGEGHSLFWWKDWZLWKLQFUHDVHLQWKHYROXPHIORZUDWH തܳDVWKH\LHOGVWUHVV߬LQFUHDVHV
WKH IULFWLRQDO IRUFH GHFUHDVHV LQ WKH UHJLRQ RI FRSXPSLQJ DQG LQFUHDVHV LQ  WKH UHJLRQ RI SXPSLQJ )RU IL[HG
IULFWLRQDOIRUFH)DV߬LQFUHDVHV തܳGHFUHDVHVLQWKHUHJLRQRISXPSLQJDQGLQWKHUHJLRQRIFRSXPSLQJDV߬LQFUHDVHV
തܳDOVRLQFUHDVHVIRUERWKFRQYHUJLQJDQGGLYHUJLQJFKDQQHOV

)URPWKHJUDSKVRIYDULDWLRQLQWKHSRURXVZDOOWKLFNHQLQJ߳)LJDDQGEZHREVHUYHWKDWDV തܳLQFUHDVHV
WKH IULFWLRQDO IRUFH) GHFUHDVHV ZLWK LQFUHDVLQJ߳LQ WKH UHJLRQ RI FRSXPSLQJ XS WR തܳ    LQ WKH FRQYHUJHQW
FKDQQHO DQG XS WR തܳ   LQ WKH GLYHUJHQW FKDQQHO ,Q WKH FRQYHUJHQW FKDQQHO IRU തܳ!  XS WR  DQG LQ WKH
GLYHUJHQWFKDQQHOIRU തܳ!XSWR തܳ YDULDWLRQRI߳KDVQRHIIHFWRQWKHLQFUHDVLQJEHKDYLRXURI)IXUWKHU
WKH IULFWLRQDO IRUFH ) LQFUHDVHV ZLWK LQFUHDVH LQԖLQ WKH UHJLRQ RI SXPSLQJ )RU IL[HG IULFWLRQDO IRUFH ) DV߳
LQFUHDVHV തܳGHFUHDVHVLQWKHUHJLRQRISXPSLQJDQGLQWKHUHJLRQRIFRSXPSLQJDV߳LQFUHDVHV തܳGHFUHDVHV
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7KHLPSDFWRIWKHVHYHUDOSDUDPHWHUVRQWKHIULFWLRQDOIRUFH)LVH[DFWO\WKHVDPHIRUERWKWKHFRQYHUJHQWDQG
GLYHUJHQWFKDQQHOV)LJDWRELQWKHSXPSLQJUHJLRQZKHUHDVWKHHIIHFWLVPRUHVLJQLILFDQWLQWKHFRQYHUJHQW
FKDQQHOWKDQLQWKHGLYHUJHQWFKDQQHOLQWKHFRSXPSLQJUHJLRQ
 
)LJDQ D W H E ±)LJEQ D W H E 


  
)LJDQ 'D D H E ±)LJEQ 'D D H E 


  
)LJDQ 'D D W E ± )LJEQ 'D D W E  

   
)LJDQ D W H E ±)LJE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  

)LJDQ 'D 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E ±)LJE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

 
)LJDQ 'D D W E ± )LJEQ 'D D W E    


&RQFOXVLRQ

x 7KHSORWVRIERWKWKHSUHVVXUHGLIIHUHQFH߂ܲDQGWKHIULFWLRQDOIRUFH)DJDLQVWIORZUDWH തܳVKRZWKDWWKHIORZ
UDWHLVPRUHLQFRQYHUJHQWFKDQQHOZKHQFRPSDUHGWRGLYHUJHQWFKDQQHO
x 7KHSUHVVXUHGLIIHUHQFH߂ܲYDULHVDOLNHIRU WKHGLIIHUHQWSDUDPHWHUV LQWKHFRQYHUJHQWDVZHOODVGLYHUJHQW
FKDQQHOV LQ WKH SXPSLQJ UHJLRQ EXW WKH YDULDWRQ LV YHU\ PXFK VLJQLILFDQW LQ FRQYHUJHQW FKDQQHOZKHQ
FRPSDUHGWRGLYHUJHQWFKDQQHO$OVRZHVHHWKDWWKHEHKDYLRULVH[DFWO\WKHVDPHIRUERWKFRQYHUJHQWDQG
GLYHUJHQWFKDQQHOVLQWKHUHJLRQRIFRSXPSLQJ
x 7KH JUDSKV RI IULFWLRQDO IRUFH) DJDLQVW WKH IORZ UDWH തܳ UHYHDOV WKDW WKH EHKDYLRU LV H[DFWO\ WKH VDPH LQ
UHJLRQRISXPSLQJZKHUHDVZHREVHUYHD VLJQLILFDQWGURS LQ WKH IULFWLRQDO IRUFH LQ FRQYHUJHQW FKDQQHOV
ZKHQFRPSDUHGWRGLYHUJHQWFKDQQHOV

$FNQRZOHGJHPHQWV

:HDUHJUDWHIXOWRWKHUHIHUHHIRUKLVKHUKHOSIXOVXJJHVWLRQV:HDUHWKDQNIXOWRRXUFROOHJHPDQDJHPHQWIRUWKHLU
VXSSRUWLQUHVHDUFKDQGILQDQFLDOKHOS

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